Introduction {#s1}
============

Rheumatoid arthritis (RA) is a complex, multifactorial, inflammatory autoimmune disease with the anonymous etiology that leads to cartilage destruction, joint deformation and subsequent loss of multiple joints functions which affects 0.5--1% of population [@pone.0093905-Smolen1], [@pone.0093905-Gay1]. The disease severity depends on the degree of the inflammation that is characterized by the increase in number of immune cells such as lymphocytes, monocytes and macrophages leading to the production of different immune mediators [@pone.0093905-Mittler1], [@pone.0093905-Bromberg1]. Thus, an effective assessment of disease severity is a difficult process in an efficient clinical management of the disease [@pone.0093905-Wolfe1]. Diagnosis criteria developed by American College of Rheumatology and European League against Rheumatism are primarily based on clinical symptoms. In the last few years, autoantibody reactivity against autoantigens had been described in RA diagnosis. Anti-cyclic citrullinated peptide (anti-CCP), anti citrullinated protein antibodies (ACPA) and RF factor in the serum of RA patients have been extensively studied [@pone.0093905-Snir1]. Autoantibodies have been used as a diagnostic tool for RA, however they lack specificity and sensitivity. So there is an urgent need to investigate more specific disease associated proteins and autoantibodies, which would aid in better understanding of the disease.

Although a great improvement has been made in the management of RA, the mechanism associated with pathology is still remains undefined [@pone.0093905-Ziff1]. In spite of availability of several RA biomarkers, a large number of atypical RA patients dissociate from timely diagnosis and treatment due to limited specificity and sensitivity of the biomarkers. Therefore, identification of specific disease associated protein or specific autoantibodies will be useful in rapid diagnosis of the disease. Thus, the main focus of our study was to identify new proteins, autoantigens and autoantibodies in the sera of RA patients for the better assessment of severity of RA condition that can serve as specific and sensitive biomarker for RA.

In the recent years, proteomic techniques like two dimensional gel electrophoresis (2-DE) and matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-MS/MS) are increasingly gaining importance in the field of biomarker discovery and have been used for analyzing serum proteomic spectra [@pone.0093905-Liao1], [@pone.0093905-Wang1]. In this study, we compared the serum protein profiles of RA patients and healthy volunteers with an aim to identify RA-associated proteins which can be used for diagnosis of RA. Using 2-DE followed by MALDI-TOF-MS/MS, we observed that TTR was highly expressed protein in the plasma of RA patients. TTR is a major serum thyroid hormone binding protein with a molecular mass of 14 kDa [@pone.0093905-Marchi1] which was formerly known as thyroxine-binding prealbumin protein. It was first recognized to bind thyroxine (T4) in 1958 [@pone.0093905-Davis1] and subsequently shown that TTR also binds to retinol-binding protein and thus plays a role in the transport of vitamin A [@pone.0093905-Kanai1], [@pone.0093905-Peterson1].Thus, the name was changed to transthy(roxin)retin(ol) for denoting its dual transport function [@pone.0093905-Berry1]. Plasma TTR is synthesized by the hepatic parenchymal cells while in fetal life it is synthesized by the yolk sac of endothelium [@pone.0093905-Gitlin1]. Further, correlation of TTR expression with the clinical parameters of disease severity in RA patients was carried out. Immunohistochemistry (IHC) and immune electron-microscopy (IEM) were performed to validate the expression of TTR in synovium during the disease conditions.TTR expression profiling was also carried out in the plasma samples of other joint disorders and autoimmune diseases to confirm that TTR is a specific marker for RA.

Materials and Methods {#s2}
=====================

Ethics statement {#s2a}
----------------

The study protocols were approved by medical ethics committee of Institute of Genomics and Integrative Biology, Delhi University Campus, Mall Road, Delhi, India and Department of Orthopaedic, All India Institute of Medical Sciences (AIIMS), New Delhi, India.

Sample Collection {#s2b}
-----------------

In this study, 60 RA, 34 OA and 10 SLE patients showing active disease were enrolled together with sixty healthy control of similar age. Plasma samples from RA (n = 60, Male 12, Female 48), OA (n = 34, Male 8, Female 26), SLE (n = 10, Female 10) and healthy individuals (n = 60, Male 30, Female 30) ([Table 1](#pone-0093905-t001){ref-type="table"}); synovial fluid from RA (n = 6, Male 3, female 3) and OA (n = 6, Male 3, female 3); synovium from RA (n = 7, Male 3, female 4), OA(n = 7, Male 3, female 4) were collected from Indian population in the age range of 25--70 years from AIIMS, New Delhi, India. A detailed medical history of each patient was recorded. Clinical examinations including early morning stiffness along with swelling, tenderness of joints and radiographs depicting erosions and deformities of small and big joints, bilateral pain were recorded under the supervision of rheumatologist. Diagnosis of RA was based on the established criteria given by The American College of Rheumatology/European league, that includes disease activity score (DAS) calculated from online DAS28 tool based on 28 joints count. In this study, all the patients were classified as non severe (DAS score ≤ 2.6) or severe (DAS score ≥5.1) ([Table 1](#pone-0093905-t001){ref-type="table"}). Except for a few non severe cases, all patients were being treated with disease modifying anti-rheumatic drugs ([Table 1](#pone-0093905-t001){ref-type="table"}). Anti-TNF treatment were given to 18 severe patients and 4 non severe patients. Pregnant women, alcoholic patients and patient\'s having other disease such as diabetes, cardiovascular disease or any other inflammatory disease were excluded from the study. None of the healthy volunteers had previous history of arthralgia, any other chronic diseases or acute infections during the last three months before enrollment. All participants had signed written informed consent before their enrollment.

10.1371/journal.pone.0093905.t001

###### Demographics and clinical assessment scores for the RA, OA, SLE patients and healthy controls.

![](pone.0093905.t001){#pone-0093905-t001-1}

  S.N.            Characterstics                             RA (n = 60)                                        OA (n = 34)                      SLE (n = 10)               Healthy Control (n = 60)               
  ------ -------------------------------- -------------------------------------------------- -------------------------------------------------- -------------- --------------------------------------------------- ---------
  1               Mean AGE ± SD                                 25±11                                              49±10                             67±8                             34±4                           35±10
  2               Mean weight±SD                                54±10                                              55±10                            60 ±15                            40±10                          55±5
  3                    SEX                                      16F+6M                                             32F+6M                           26F+8M                             10F                          30F+30M
  4          Mean Disease Duration(Y)                            3±1                                                10±5                             8±5                               7±5                            \-
  5       Mean Serum CRP (mg/liter) ± SD                         35±5                                               80±5                             30±2                             15±1                           10±5
  6             Mean Tender joint                                2±1                                                10±5                            3 ± 2                              3±1                            \-
  7           Mean Swollen joints±SD                             2±1                                                10±5                             3±2                               2±1                            \-
  8                 RF (IU/ml)                                  30±10                                              80±20                             25±5                             20±5                           15±5
  9              Mean ESR (mm/hr)                                20±5                                              85±20                             45±5                             40±5                           10±5
  10             DAS 28 score±SD                                 3±2                                               6.5±2                              \-                               \-                             \-
  11                Medicines              Mtx, HCQS, Tcz, Aba, Anti TNF-Etn, Anti TNF- Ifx   Mtx, HCQS, Tcz, Aba, Anti TNF-Etn, Anti TNF- Ifx      NSAIDs      HCQC, Prednisone, Azathiprine, Cyclophospha- mide     \-

RA -- Rheumatoid Arthritis, OA -- Osteoarthritis, SLE -- Systemic lupus erythematosus, SD -- Standard Deviation, RF -- Rheumatoid Factor, ESR -- Erythrocyte Sedimentation Rate, CRP -- C Reactive Protein, IU -- International Unit, ml -- Milliliter, mm -- Millimeter, hr -- Hour, DAS 28 -- Disease Activity Score (maximum 28 joints), F -- Female, M-Male, NSAIDs - Nonsteroidal anti-inflammatory drugs. Mtx-Methotrexate, HCQS -Hydroxychloroquine,TCZ- tocilizumab, Aba- Abatacepr, Etn-Etanercept, Ifx- Infliximab.

Sample preparation {#s2c}
------------------

Blood was collected into tubes containing ethylene diamine tetraacetic acid (EDTA). The tubes were centrifuged at 2,000 rpm for 15 min at 4°C, plasma were collected and stored at --80°C.

The biopsy samples of synovium (RA, OA) were collected in Dulbecco\'s Modified Eagle\'s Medium (DMEM) having 10% FBS and 1% antibiotics. The synovium were washed several time with PBS and lysed by lysis buffer containing 25 mM tris (pH 8), 1% nonidet P-40, 150 mM NaCl, 1.5 mM EDTA, 0.5% SDS, 1 mM PMSF, 10 mM sodium orthovanadate, 3 mg/ml Aprotonin [@pone.0093905-Chang1]. The lysed tissue samples were centrifuged at 11,000 rpm for 1 h, supernatant was collected and stored at --80°C until use.

Synovial fluids were centrifuged at 13,000 rpm for 15 min at 4°C to remove blood contamination. The clear supernatants were treated with hyaluronidase enzyme (Sigma- Aldrich, USA) and the mixture was digested by incubating at 37°C for 4 h. After centrifugation, clear supernatant was stored at --80°C till further use. The protein concentrations were estimated by the Bradford method (Bio-Rad, USA).

Two-dimensional gel electrophoresis and gel image analysis {#s2d}
----------------------------------------------------------

Plasma proteins (150 μg) were added to the rehydration solution (7 M urea, 2 M thiourea, 2% CHAPS) containing 50 mM DDT and 0.2% ampholyte and applied to the first dimension immobilized pH gradient (IPG) strips (17 cm, pH 4-7, Bio-Rad, USA). First dimension isoelectric focusing (IEF) of the above strips were carried out using Protean IEF cell (Bio-Rad, USA) according to the following protocol: 200 V for 1 h, 500 V for 1 h followed by ramping at 1000 V for 1 h and final focusing at 8000 V for 5 h for a total of 13000 VH (Bio-Rad, USA). After being focused, strips were equilibrated for 20 min in equilibration buffer (50 mM Tris-HCl, pH 8.8, 6 M urea, 4% (w/v) SDS, and 20% (w/v) glycerol) containing 10 mg/ml dithiothreitol (DTT) and then for 20 min in the same equilibration buffer containing 40 mg/ml iodoacetamide (IAA) instead of DTT. Second dimension sodium dodecyl sulfate polyacrylamide gel (12%) electrophoresis (SDS-PAGE) was performed to resolve the proteins on the basis of molecular mass along with broad range pre-stained markers (Biolinkk India, New Delhi). Similarly, samples were prepared and separated from blood obtained from healthy control subjects. Gels were stained using ammonical silver nitrate (Merck Chemicals, Germany) and stained gels were scanned in 16 bit grey scale Tiff-images with an Alpha Digidoc 1201 scanner [@pone.0093905-Saroha1].

In gel digestion of proteins and extraction of peptides {#s2e}
-------------------------------------------------------

Proteins were extracted by digesting the gel spots using trypsin gold (Promega, USA), washed with distilled water, excised in 1 mm cubes and destained with 50 μl of 1∶1 solution of 30 mM potassium ferricyanide (Sigma-Aldrich, USA) and 100 mM sodium thiosulphate (Sigma-Aldrich, USA). The gel pieces were washed and dehydrated by incubation with 40 μl of 1∶1 acetonitrile (ACN)/water for 15 min followed by washing with 40 μl of ACN until they become white and sticky. The gel pieces were then equilibrated for 5 min by adding 50 μl of 100 mM ammonium bicarbonate followed by addition of 50 μl ACN (Sigma-Aldrich, USA). The solutions were discarded after 15 min. Gel pieces were dehydrated in a vacuum centrifuge, digested by adding 10 μl of trypsin (0.1 μg/μl trypsin, Promega, USA) in trypsin digestion buffer and incubated for 45 min in ice. The solutions were discarded after incubation and 25-60 μl of trypsin digestion buffer (5 μl of 1 M CaCl~2~, 25 μl of 1 M NH~4~CO~3~ and 970 μl distilled water) was added and incubated overnight at 37°C. The supernatants were collected and dried in vacuum centrifuge. The peptides were extracted from gel pieces by varying the concentration of ACN and trifluoroacetic acid (TFA, Sigma-Aldrich, USA), sonicated in a water bath for 30 min, dried in speed-vac to remove TFA/ACN and stored at --20°C till further use [@pone.0093905-Biswas1].

Matrix-assisted laser desorption ionization-MS/MS {#s2f}
-------------------------------------------------

MALDI-TOF MS/MS (Applied Biosystems, Life Technologies, USA) was utilized to determine the molecular masses of polypeptides. ZipTip C4 was used for the desalting and purification of extracted peptides. One microliter of peptide extract was mixed with 1 μl sinapinic acid matrix onto the MALDI target plate and allowed to air dry. MS/MS spectra were acquired across the mass range of 10,000--20,000 Da in reflector positive mode with 5600 laser shots intensity (25 Shots/Sub-Spectrum for 500 total Shots/Spectrum). The internal calibration was performed using standard calibration mix 5 (Applied Biosystems). For the MS/MS precursor selection, minimum S/N (signal/noise) filter was set at 25 with an exclusion list for α-Cyano-4-hydroxycinnamic acid (CHCA) matrix peaks. Protein identifications were accepted with a statistically significant probability based Mowse score (p≤0.05). Proteins with at least 2 peptides that were unique to the specific protein were only considered.

Western blot analysis {#s2g}
---------------------

Hundred micrograms of plasma protein from RA (n = 12) and control (n = 12) was subjected to 12% SDS--PAGE. Proteins were transferred to the nitrocellulose membrane (Millipore, USA) using Western-Blot technique followed by blocking using 5% bovine serum albumin (BSA, Sigma-Aldrich, USA) for 1 h at room temperature (RT) with gentle shaking. The membranes were then incubated with anti-TTR (ProSci, USA) antibody (1∶1000 dilutions) for 1 h followed by the incubation of membranes with HRP conjugated anti-mouse antibody at RT with mild shaking. Enhanced chemiluminescence assay (ECL) (Thermo Scientific, Pierce, USA) was used to develop the membrane and autoradiographed on high performance chemiluminescence film (GE Healthcare) according to the manufactures guidelines. After each step the membrane was washed with 1X PBS [@pone.0093905-Bo1].

Similar experiment was carried out using synovium (RA, n = 7) (OA, n = 7) and synovial fluid (RASF, n = 6) (OASF, n = 6) of RA and OA patients. Proteins (50 μg) of synovium homogenate and synovial fluid were loaded separately in SDS-PAGE and transferred on to nitrocellulose membrane. The anti-TTR and anti-mouse antibodies were used as a primary and secondary antibody respectively.

ELISA validation {#s2h}
----------------

ELISA was carried out using commercially available anti-TTR monoclonal antibody (ProSci Antibody, USA). For comparison between patient and control group, 60 plasma samples from each group were taken. Individual plasma samples from the enrolled participants were diluted (1 μl/200 μl) in a coating buffer (0.01 M Na~2~CO~3~ and 0.035 M NaHCO~3~, pH 9.6), coated on 96 well plates (Thermo Scientific, Nunc, USA) and incubated overnight at 4°C. Next day the plates were washed three times with 100 μl PBST and incubated with 100 μl blocking buffer (1% BSA in 1X PBS) for 1 h at RT. The blocking buffer was extracted, plates were washed and incubated with 100 μl of anti-TTR as a primary antibody (1∶2000 dilution) for 2 h at RT. The plates were then washed three times and incubated with 100 μl of anti-mouse HRP conjugate (1∶1000 dilution) for 1 h and developed with ortho phenylene diamine (1 mg/ml in 0.05 M citrate buffer and 5 μl/ml H~2~O~2~, Sigma-Aldrich, USA). The reactions were stopped by adding 2N H~2~SO~4~ in each well and binding efficiency was checked by reading absorbance at 492 nm in an ELISA reader (Spectramax Plus; Molecular Devices, USA) [@pone.0093905-Hueber1]. Plasma levels of TTR in RA patients was also compared from patients of different diseases.

Immunohistochemistry of synovial tissue {#s2i}
---------------------------------------

To validate the expression of TTR in synovial tissue (RA, n = 3 and OA, n = 3), the tissues were fixed in formalin (10%) and subjected to immunohistochemical analysis. Briefly, the tissue sections were paraffin-embedded and cut into a desired thickness (5 μm) using microtome. The slides were placed in a container, submerged in citrate buffer (pH 6.0) and incubated at 40°C for 2 min periods repeatedly for three times and then finally kept for 20 min in microwave. The sections were then allowed to equilibrate at RT in the buffer, and rinsed with distilled water. The anti-TTR antibody (ProSci, USA) was applied to the sections at a 1∶400 dilution for overnight incubation at 4°C. Anti-mouse HRP conjugated was used as a secondary antibody (1∶200 dilutions) for 2 h. The sections were counterstained in hematoxylin followed by freshly prepared 3,3′-diaminobenzidine (DAB, Sigma-Aldrich, USA). The slides were then mounted with cover slip and observed under microscope [@pone.0093905-Ahmad1].

Immuno-electron microscopy {#s2j}
--------------------------

To further validate the expression of TTR in synovial tissues, the ultrathin sections of the tissues were subjected to immune-electronmicroscopy analysis.The RA (n = 3) and OA (n = 3) tissue samples were fixed in 0.5% glutaraldehyde and 2% paraformaldehyde solution for 8 h at 4°C. After three times washing with 0.1 M phosphate buffer, the tissue samples were gradually dehydrated, in-filtered and embedded in London Resin White (TAAB, UK). Blocks were cured at 65°C for 72 h and made ultra-thin sections (ranges 60-90 nm) with Leica Ultra-cut UC6 ultra microtome (Leica-Microsystems, USA). Sections were incubated for 1 h with 2% skimmed milk and intermittent washing was done with distilled water. Sections containing grids were incubated with primary anti-TTR antibody (1∶200 dilutions, ProSci Antibody, USA) at 4°C overnight. Finally sections were washed with 1% fish gelatin in sodium phosphate buffer and incubated with 1∶100 dilutions gold conjugated secondary antibody (TAAB, UK) at RT for 2 h. The grids were stained with 2% aqueous uranyl acetate (Merck Chemical, Germany) and analyzed under electron microscope (FEI Tecnai G^2^ Spirit) at 200 kV [@pone.0093905-Smith1],[@pone.0093905-Riveraa1].

Detection of autoantibodies by immunoprecipitation-Western blotting {#s2k}
-------------------------------------------------------------------

To ascertain the significance of increase level of TTR in the diagnosis of RA, autoantibodies in the plasma of RA patients and healthy individuals were detected using immunoprecipitation-Western blotting methods. Immunoprecipitation (IP) was performed using Catch and Release v2.0 reversible immuno-precipitation system (Millipore, USA) as per manufacturer\'s instructions. Briefly, plasma proteins (500 μg) of individual RA patients was incubated for 2 h in mild shaking condition at RT with anti-TTR antibody separately along with 10 μl antibody capture affinity ligand buffer. The antigen-antibody complexes were eluted with 70 μl elution buffer and separated on 12% SDS--PAGE. Proteins were transferred to nitrocellulose membrane (Millipore, USA) and blocking was carried out using 5% bovine serum albumin (BSA) for 1 h at RT with gentle shaking. Plasma of RA and healthy individuals was added to the membrane as a primary antibody for overnight incubation at 4°C. After each step, the membrane was washed with PBST. The membrane was then incubated with HRP conjugated anti-human antibody for 1 h at RT with mild shaking. Enhanced chemiluminescence assay (ECL) (Thermo-Scientific, Pierce, USA) was used to develop the membrane and autoradiographed on high performance chemiluminescence film (GE Healthcare).

Validation of autoantibodies against transthyretin in the plasma of RA, OA and healthy individuals by ELISA using recombinant pure protein {#s2l}
------------------------------------------------------------------------------------------------------------------------------------------

Each well of the 96 well microtiter plates (Thermo-Scientific, Nunc, USA) were coated with purified recombinant TTR protein having concentration (0.20 μg/100 μl buffer containing 0.01 M Na~2~CO~3~ and 0.035 M NaHCO~3~, pH 9.6). The plates were kept at 4°C for 24 h, washed three times with 200 μl PBST and incubated with 200 μl blocking buffer (2% BSA in PBS) for 2 h. The blocking buffer was discarded, washed and incubated with 100 μl plasma of RA, OA and healthy individuals (1∶250 dilution) for 3 h at RT. The plates were then washed (three times) and incubated with 100 μl of anti-human HRP conjugate for 1 h and developed with ortho-phenylene diamine (1 mg/ml in 0.05 M citrate buffer and 5 μl/ml H~2~O~2~) for 30 min. The reactions were stopped by adding 2N H~2~SO~4~ to each well and the binding efficiency was checked by reading absorbance at 492 nm in an ELISA reader (Spectramax Plus; Molecular Devices, USA).

*Invitro* validation {#s2m}
--------------------

To validate the increased level of TTR in vitro conditions, the hepatocellular carcinoma (HepG2) cell lines were challenged with *E. coli* LPS for inflammation and level of TTR expression was determined. HepG2 cell line was maintained as sub confluent monolayer in Dulbecco\'s modified eagles\'s medium (DMEM, Invitrogen, USA) with 10% fetal bovine serum (HyClone, Logan, USA) and 100 units/ml penicillin plus 100 μg/ml streptomycin (Life Technology, Invitrogen, USA) in humidified chamber at 37°C with 5% CO~2~. The culture was allowed to grow to confluence and used for further experiments. Viability of the cells was determined by the Trypan blue (0.4% Trypan blue in PBS) exclusion method. The cells were challenged with different concentrations of lipopolysaccharide (LPS, Sigma-Aldrich, USA) of *Escherichia coli* and LPS concentration was optimized for inducing measurable concentration of nitrite with minimum cytotoxicity.

The MTT assay was performed to check the cell viability in a 96 well plate. The cells were treated with different concentrations of LPS. At the end of each experiment, the cells were incubated with MTT (20 μl of 5 mg/ml per well, Sigma-Aldrich, USA) at 37°C for 4 h. The formazan product was solubilized by the addition of 100 μl of 0.1N HCl in isopropanol. Cell viability was estimated by recording the absorbance at 595 nm in an ELISA plate reader (data not shown).

Statistical Analysis {#s2n}
--------------------

Statistical analysis was performed using Windows GraphPad Prism 5 (GraphPad Software, La Jolla, California, USA). Comparisons in expression TTR between healthy control and diseased groups were performed using the two tailed paired *t*-test, and for comparison between more than two groups two tailed unpaired one-way ANOVA were used. Results were considered statistically significant if p\<0.05.

Results {#s3}
=======

Identification of differentially expressed proteins {#s3a}
---------------------------------------------------

Two-dimensional gel electrophoresis coupled with MALDI-TOF MS/MS analysis was carried out to identify the differentially expressed proteins in RA patients. The PD-Quest software analysis of 2-DE gels displayed 119 spots in RA sera and 96 spots in healthy sera. Out of 23 differential protein spots, 9 protein spots were successfully identified by MALDI-TOF MS/MS \[[Table 2](#pone-0093905-t002){ref-type="table"}\].The identified proteins included haptoglobin (β-chain), haptoglobin alpha 2 chain, alpha 1 microglobulin, serum amyloid, albumin and apolipoprotein which were upregulated in the sera of RA patients as compared to healthy control. One of the protein, identified as TTR also exhibited elevated levels in sera of RA patients as compared to other proteins. PD-Quest and densitometry analysis showed 1.4 fold higher expression of TTR in RA patients as compared to healthy volunteers ([Figure 1](#pone-0093905-g001){ref-type="fig"} and [S1](#pone.0093905.s001){ref-type="supplementary-material"}).

![Two dimensional gel electrophoresis of plasma proteins.\
A representative silver stained 2-DE gel image of plasma proteins from three sets of samples from RA and controls patients. The gels were analyzed for differential expression of proteins using PD-Quest software. The lower panel showed 3D view of TTR expression and their densitometric analysis demonstrated 1.4 fold elevated expression of TTR in RA as compared to healthy control.](pone.0093905.g001){#pone-0093905-g001}

10.1371/journal.pone.0093905.t002

###### List of differentially expressed proteins in plasma of RA patients with respect to healthy control.

![](pone.0093905.t002){#pone-0093905-t002-2}

  Spot No.      Protein identified     Accession No.   M.W.(Da)/PI calculated   Peptide matched                                            Biological Functions
  ---------- ------------------------ --------------- ------------------------ ----------------- --------------------------------------------------------------------------------------------------------
  1           Haptoglobin beta chain      P00738            45,205/6.13               11                  Cellular iron ion homeostasis, Defence response to bacterium, Intestinal permeability
  2            Human Serum Albumin        P02768            69,366/5.92               12              Regulation of the colloidal osmotic pressure of blood, Bile salts transport, Lipid metabolism
  3           Serum amyloid protein       P02743            26,246/5.97                6                                    Acute phase inflammation, Transport of cholesterol
  4             Apolipoprotein A 1        P02647            30,778/5.56               11                                      Cholesterol transport, Fat efflux from tissue
  5           Alpha-1 Microglobulin       P02760            38,999/5.95                9                              Cell adhesion, Heme Catabolism, Regulation of Immune response
  6              HP alpha 2 chain         P00738             16,330/6.1                6          Associated with higher serum iron, Decreased antimicrobial and antioxidant capability, Antigen binding
  7              HP alpha 2 chain         P00738             16,330/6.1               12                                            Antigen binding, Defence response
  8              HP alpha 2 chain         P00738             16,330/6.1               12                       Intestinal permeability, allowing intercelllular tight junction disassembly
  9               Transthyretin           P02766            15,887/5.49                9                Transport, Retinol metabolic process, Phototransduction, extracellulal matrix organization

M.W. -- Molecular Weight, PI - Isoelectric Point.

Validation of elevated expression of TTR in plasma, synovium and synovial fluid {#s3b}
-------------------------------------------------------------------------------

The significant increase in expression of TTR in plasma, synovium and synovial fluid has been validated using Western blotting, ELISA, immune-histochemical and immuno-electronmicrosocpic analysis. Among all the identified proteins in plasma of RA patients, TTR was found to be associated with inflammation [@pone.0093905-Johnson1] and was validated in healthy controls and RA patients using Western blot analysis.The densitometric analysis of Western blots performed ([Figure 2A](#pone-0093905-g002){ref-type="fig"}) with plasma of severe RA patients (n = 12) showed 3.6 fold higher TTR levels in RA patients as compared to healthy control (n = 12). Levels of TTR was also analyzed by ELISA and found to be elevated (1.6 fold) in RA patients (n = 60) as compared to the healthy controls ([Figure 2B](#pone-0093905-g002){ref-type="fig"}).

![Expression analysis of TTR in the plasma of RA.\
(**A**) Western blot was performed using plasma proteins of RA patients (n = 12) and healthy controls (n = 12). Densitometric analysis of band developed for TTR followed by statistical analysis using paired two tailed *t*-test showed 3.6 fold elevated expression of TTR in RA as compared to healthy controls. (**B**) ELISA of TTR in the plasma of RA patients (n  =  60) and controls (n  =  60) indicated 1.6 fold increased expression of TTR in the plasma of RA.](pone.0093905.g002){#pone-0093905-g002}

The expression analysis among the RA population suggested that 71% patients exhibit statistically significant upregulation of TTR in RA patients, whereas, 15% patient population showed similar levels of TTR as observed in healthy controls ([Figure S2](#pone.0093905.s002){ref-type="supplementary-material"}) These results suggest that TTR may be a disease associated protein. This data led us to analyze if the TTR expression is dependent on the disease severity as well. To answer this, we segregated the patient population in terms of their respective disease severity and then analyzed the TTR expression in the patient groups.

Based on DAS score, the RA patient population was segregated into two groups, severe (DAS score≥5.1) and non-severe (DAS score≤2.6) population. Interestingly, both Western blotting and ELISA analysis confirmed that there is a significant increase in expression of TTR in the plasma as per increase in severity of RA conditions of patients. TTR expression was analyzed in plasma of severe (n = 28), non-severe (n = 22) RA and healthy control (n = 25) groups by Western blot. Densitometry analysis revealed that TTR expression was 4.75 fold and 2.5 fold higher in severe and non-severe RA patients respectively in comparison to healthy controls ([Figure 3A](#pone-0093905-g003){ref-type="fig"}). The observation was then validated by ELISA that showed TTR expression increases with the progression of disease severity. ELISA result demonstrated that TTR expression in severe RA condition was up regulated by 2.0 fold and 1.5 fold in severe and non-severe RA patients (p\<0.0048) in comparison to healthy control ([Figure 3B](#pone-0093905-g003){ref-type="fig"}).

![Expression of TTR in plasma of severe and non severe RA and healthy control.\
(**A**) Western blot analysis of plasma obtained from severe (n = 28), non severe (n = 22) and healthy control (n = 25) revealed 4.75 fold and 2.5 fold increased expression of TTR in severe and non severe RA patients respectively as compared to healthy controls. (**B**) ELISA of TTR in severe and non severe samples was performed and compared with healthy controls. TTR expression was significantly up regulated (p\<0.0048) in severe and non severe RA patients as compared to healthy control (2.0 fold and 1.5 fold respectively).](pone.0093905.g003){#pone-0093905-g003}

To prove the specificity of TTR for RA diagnosis, it was necessary to measure the TTR levels in patients of other joint disease and autoimmune diseases such as OA and SLE. It was interesting to note that the levels of TTR was 6.6 fold and 5 fold more in the plasma of RA patients as compared to OA and SLE respectively ([Figure 4](#pone-0093905-g004){ref-type="fig"}).

![Expression of TTR in RA, Osteoarthritis and Systemic lupus erythematosus patients.\
TTR expressions were examined in other joint disease and autoimmune disease such as OA and SLE. Western blot analysis showed that TTR level was significantly down regulated (p\<0.0001) in the plasma of OA and SLE patients as compared to the RA patients. Densitometric analysis indicated 6.6 and 5 fold higher expression of TTR in RA (n = 9) as compared to OA (n = 12) and SLE (n = 12) respectively.](pone.0093905.g004){#pone-0093905-g004}

We observed that TTR protein was up regulated in plasma samples of RA patients. Therefore, it was intriguing to investigate the status of TTR expression in RA synovium and synovial fluid. Immunohistochemistry, Western blotting and IEM were performed to check the level of TTR in RA synovium as compared to OA synovium. As shown in [Figure 5](#pone-0093905-g005){ref-type="fig"}, TTR was predominantly expressed (p\<0.0005) in RA synovium, whereas, TTR amount was negligible in OA synovium. The relative intensity as calculated by using Alpha Digidoc 1201 software that showed significantly higher expression (∼5 fold) of TTR in RA synovium as compared to OA synovium. To further validate the IHC result, Western blotting was carried out using RA and OA synovium. The results indicated 3.2 fold elevated expression of TTR in RA synovium as compared to OA ([Figure 6](#pone-0093905-g006){ref-type="fig"}) and these observations were similar to the results we observed with the plasma of RA patients. We also measured the TTR expression in synovial fluid of RA and OA samples (control) and found the similar trend showing up regulation of TTR in RA synovial fluid ([Figure S4](#pone.0093905.s004){ref-type="supplementary-material"}) which confirmed the significance of such an increase in TTR expression especially in RA conditions.

![Immunohistochemistry of synovium.\
To observe the expression of TTR in synovium (RA, n = 3 and OA, n = 3), IHC were performed. Tissue samples were fixed, processed and stained with DAB. Brown colour indicates the presence of autoantigen in synovium. Upper panel shows the image of synovial tissue at 20X and lower panel shows the image at 100X magnification. TTR expression was predominantly high in RA as compared to OA synovium. Densitometric analysis revealed approximately 5 fold up regulation of TTR expression in RA synovium as compared to OA.](pone.0093905.g005){#pone-0093905-g005}

![Quantitation of TTR in synovium by Western blotting.\
Protein (50 μg) of RA synovium (n = 7) and OA synovium (n = 7) was loaded in SDS-PAGE gels, the proteins were separated and transferred onto nitrocellulose. Western blot results revealed 3.2 fold higher expression (p\<0.0131) of TTR in RA synovium as compared to OA synovium.](pone.0093905.g006){#pone-0093905-g006}

Immunoelectron microscopy analysis confirmed that as compared to synovium of OA patients, there is significantly high global expression of TTR in synovium of RA patients. Immunoelectron microscopy using gold labelled anti-TTR antibodies (20 nm) showed that TTR was predominantly present in RA synovium as compared to OA synovium ([Figure 7](#pone-0093905-g007){ref-type="fig"}). The expression of TTR was observed in extra-cellular matrix as well as inside the synovial cells of RA patients. The TTR labeling demonstrates higher expression in the RA synovium, while it was not detected in OA patient\'s synovium.

![Quantitation of TTR in synovium by immunoelectron microscopy.\
RA (n = 3) and OA (n = 3) synovium were surgically removed in aseptic condition, fixed and processed for electron microscopy. Ultrathin sections were labelled with 20 nm gold conjugated secondary antibody. Upper panel (**A**) shows evenly distributed gold label in RA synovium (**B**) Selected area has been magnified and marked with arrows to show the gold labelling. Lower panel (C, D) shows the negligible level of TTR expression in OA synovium (Scale bar A, B, D 1 μm, C 2 μm).](pone.0093905.g007){#pone-0093905-g007}

*Invitro* experiment was performed to see the effect of inflammation on TTR level and the inflammation was induced in HepG2 cells by LPS of *E.coli.* TTR level was analyzed in the LPS stimulated culture supernatant and compared with the supernatant obtained from unstimulated cells. TTR level was found to be higher in the LPS treated supernatant as compared to the untreated cells ([Figure S3](#pone.0093905.s003){ref-type="supplementary-material"}).

Identification of autoantibodies against TTR {#s3c}
--------------------------------------------

As compared to health individuals, there has been a several fold high induction of autoantibodies production in RA plasma. Antibodies against TTR were assayed in the plasma of RA (n = 30), OA (n = 34) and healthy control (n = 30) groups using the immunoprecipitation method followed by Western blotting ([Figure 8A](#pone-0093905-g008){ref-type="fig"}). It was found that autoantibodies against TTR were 5 fold higher in RA plasma as compared to OA and healthy subjects. Autoantibodies against TTR were also found using recombinant pure protein of TTR in Western blot analysis (data not shown). The quantification of autoantibodies against TTR was done by ELISA which indicated that the level of autoantibodies was 1.6 fold and 2 fold higher (p\<0.0001) in RA sera as compared to healthy control and OA respectively ([Figure 8B](#pone-0093905-g008){ref-type="fig"}).

![Quantitation of autoantibodies against TTR in plasma of RA, OA patients and healthy controls.\
(**A**) TTR was immunoprecipitated using anti-TTR antibody and separated on SDS-PAGE and Western blotting was performed. Autoantibodies against TTR in RA (n = 30) were approximately 5 fold higher as compared to healthy control (n = 30) and OA (n = 34) patients. Each bar represents the mean ± SD of values obtained from densitometeric analysis of bands. (**B**) Expression of autoantibodies against TTR in RA was further confirmed by ELISA and analysis showed 1.6 and 2 fold higher levels of autoantibodies in RA as compared to healthy control and OA respectively.](pone.0093905.g008){#pone-0093905-g008}

Discussion {#s4}
==========

The key to early recognition of autoimmune disease lies within the humoral system. To date, a variety of candidate disease-associated proteins (autoantigen) and autoantibodies have been found to play an important roles in the pathogenesis of RA [@pone.0093905-Sekine1], [@pone.0093905-Tsuruha1], [@pone.0093905-IwakiEgawa1]. Proteomic pattern analysis is one of the most promising approaches for the discovery and identification of proteins associated with diseases[@pone.0093905-Westhoff1], [@pone.0093905-Drake1], [@pone.0093905-Karpova1], [@pone.0093905-Howard1], [@pone.0093905-Zheng1]. Therefore, the present study was based on the screening of proteins present in the sera of RA patients for the identification of proteins associated with severity of diseases and have potential for diagnosis. Proteomic approach is used to investigate differentially expressed proteins in the plasma of RA patients. In this study, nine differentially expressed proteins were identified in RA patients in comparison to healthy control using MALDI TOF-MS/MS suggesting that many proteins are associated with RA. Some of these proteins such as apolipoprotein, albumin, heptoglobulin beta chain are already known to be involved in the development of RA [@pone.0093905-Liao1], [@pone.0093905-Trocme1], [@pone.0093905-Niu1]. Recently, significantly higher level (p\<0.05) of TTR in RA plasma compared to healthy control has been reported, however, their role in the pathogenesis of RA is not understood. In addition, no statistical significant expression of TTR between OA and healthy control (p\>0.05) has been reported [@pone.0093905-Ni1].

In the present study, among all the identified proteins TTR autoantigen was found to be over expressed in the plasma, synovium and synovial fluid of RA patient.TTR protein has also been suggested as a possible biomarker in other diseases such as ovarian cancer [@pone.0093905-Kozak1], hepatocellular carcinoma [@pone.0093905-Feng1], malnutrition [@pone.0093905-Marten1] and mycosis fungoides [@pone.0093905-Escher1].

To assess the TTR expression profile for joint diseases, OA and SLE in addition to RA patients were included in this study. Plasma TTR expression was significantly down regulated in OA and SLE patients as compared to RA patients. Thus, it can be conveniently considered that expression of TTR protein is not affected in all the joint diseases and due to inflammation in general except in RA. One of the important observations of this study includes demonstration of increase in expression of TTR with the increase in severity of RA. Such an association of TTR with severity of RA has not been previously shown. Although very recently there has been a report on elevated expression of TTR in RA sera samples [@pone.0093905-Ni1] but no information is available on the expression of TTR with severity of RA conditions. We found that TTR level was influenced with the severity of the disease ([Figure 3](#pone-0093905-g003){ref-type="fig"}). In addition, our study further demonstrated that the TTR expression profiling in RA and OA synovium samples using IHC and Western blotting that was further confirmed by IEM. These findings revealed that TTR was significantly over expressed in RA synovium whereas moderate expression has been observed in OA synovium. The IEM study demonstrated the higher levels of TTR in RA synovium and it showed both cytosolic and nuclear localization. The study was extended by performing an *invitro* experiment using HepG2 cell line in which the inflammation was induced by bacterial LPS and the TTR levels were measured in the medium. Such a comprehensive study on expression of proteins involving plasma, synovium and synovial fluid was lacking. Therefore, the observation on increase in expression of TTR with the increase in severity of RA has a merit in RA pathogenesis and etiology.

The present study has also demonstrated that the autoantibodies against TTR are over expressed in RA patients. This over expression was demonstrated using Western blotting and subsequently confirmed in the population of RA patients using ELISA. Most importantly, ELISA and Western blot results showed entirely consistent results. The autoantibodies against TTR were observed to be higher in RA patients which was not seen in the samples obtained from OA patients. In this context, our study opens a new door to further carry out the systematic investigation on the role of TTR in the pathogenesis of RA and the potential of TTR to serve as a novel biomarker in addition to the existing battery of biomarkers.

In conclusion, this study identified that TTR is a differentially expressed protein in the plasma, synovium and synovial fluid of RA patients. We also report that the TTR expression level is predominantly associated with the progression of severity of the disease. In addition, autoantibodies against TTR were present in the sera of RA patients. We propose that autoantibodies against TTR can be used as diagnostic tool for RA and its progression along with other tests. A systematic investigation on the role of TTR may help in better understanding of the pathogenesis of RA.

Supporting Information {#s5}
======================

###### 

**MALDI TOF MS/MS spectrum of Transthyretin (TTR).**

(TIF)

###### 

Click here for additional data file.

###### 

**Pie chart shows the severity of disease in RA patients based on TTR levels.**

(TIF)

###### 

Click here for additional data file.

###### 

***Invitro* validation of TTR expression.** Inflammation was induced by *E.coli* LPS in HepG2 cell line. TTR expression was found to be higher in treated supernatant as compared to untreated.

(TIF)

###### 

Click here for additional data file.

###### 

**TTR expression in synovial fluid.** Western blot analysis of synovial fluid demonstrated higher expression (p\<0.0019) of TTR in RA patients (n =  6) as compared to OA (n = 6).

(TIF)

###### 

Click here for additional data file.
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